Bone spur formation on the shaft of the middle phalanx of the little finger was an incidental finding during surgical treatment of five cases of Dupuytren's contracture. The presence of such spurs in Dupuytren's contracture is not adequately explained in the literature. In areas of high tensile stress, such as the attachments of fascia and fibrous cords, bone remodels to reduce stress concentration and to make the stress transfer from one tissue to the other as smooth as possible. It cannot be regarded as the same process that is seen in heterotopic calcification in other sites in the body, and should be regarded instead as a physiological bone response to tensile stresses rather than a change intimately coupled with Dupuytren's disease.
INTRODUCTION
Dupuytren's contracture is characterized by the development of fibrous bands in the palm and fingers. These bands comprise myofibroblasts embedded in dense bands of collagen. At a cellular level, the major phenomenon in Dupuytren's contracture is an increase in proliferating fibroblasts, rather than an alteration in the type of fibroblasts. Messina and Messina's experiments with continuous distraction 1,2 and the success of limited fasciotomy 3 indicate a role for physical forces in the pathogenesis of Dupuytren's contracture. It has been reported that relieving the tensile forces in Dupuytren's tissues in the hand by using z-plasties incorporating the band in such a way that the longitudinal continuity of the band cannot be reconstituted results in softening of the Dupuytren's tissue. 3, 4 This also suggests that physical forces may be implicated in the propagation of the Dupuytren's band. The mechanisms whereby physical events stimulate biochemical changes remain unclear, but preliminary investigations have suggested that electrical fields and ion channels may be important. 5 It is reasonable to suggest, therefore, that the formation of traction spurs on bones at the sites of attachment of soft tissues under tension can be explained by similar mechanisms.
CASE REPORTS Case 1
The first case was a Caucasian male, aged 53 years, who presented requesting amputation of his contracted finger. He had Dupuytren's contracture affecting the left palm with two nodules just distal to the distal palmar crease, with a band extending down the little finger to the middle of the middle phalanx. The metacarpophalangeal joint was contracted to 10°and the proximal interphalangeal (PIP) joint was at 90°. The patient was dissuaded from an amputation and a surgical release was carried out. The band in the palm was released by a z-plasty through all affected tissues as described by Thurston. 3 When a fasciectomy was carried out in the little finger, the band was found to be attached to a bony spur arising from the ulno-volar aspect of the shaft of the middle phalanx near the ridge for the attachment of the fibrous flexor sheath (Fig. 1) . 6 The neurovascular bundle passed deep to the band and then its course took it around the ulnar side of the spur as it passed from proximal to distal (Fig. 2) . The release of the PIP joint contracture included resecting the spur with a fine osteotome.
Case 2
A retired Caucasian male cleaner, aged 65 years, presented with a 6-year history of progressive Dupuytren's contracture of the right little finger. On examination he had a typical band of Dupuytren's tissue extending from mid-palm to the ulnar side of the right little finger. The proximal interphalangeal joint was contracted to 90°and the metacarpophalangeal joint to 80°. No X-rays were taken.
At operation a longitudinal incision was made through all affected tissues at the level of the distal palmar crease and a z-plasty was formed, thus releasing the contracture at the metacarpophalangeal joint. A mid-line incision down the centre of the volar aspect of the little finger exposed a band arising in the region of the abductor digiti minimi muscle and passing to the ulno-volar side of the middle phalanx as described by Barton 7 and White. 8 There was a well-developed bony spur at the site of attachment of this band to the phalanx. This band was dissected free and the spur was removed with a fine osteotome. The wounds were closed with z-plasties at the skin creases and a compressive dressing was applied.
contractures) and the left sole. She presented again in 1982 with contractures of the left little and ring fingers. The contractures were released surgically by limited fasciectomy and she made a good recovery with normal rehabilitation of the hand. There was no evidence of abnormal bone formation at that time.
This patient presented again in 1985 with a recurrence of the contracture, of 80°, at the proximal interphalangeal joint of the little finger. A dermofasciectomy was performed with a Wolff graft from the groin. Again there was no evidence of abnormal bone formation in the finger.
Her next presentation was in 1995. On this occasion a band was found to be attached to a bony spur arising from the ulno-volar aspect of the shaft of the middle phalanx. The neurovascular bundle passed deep to the band and then its course took it around the ulnar side of the spur as it passed from proximal to distal, as in case 1. The band was resected and the spur was removed with a fine osteotome.
Cases 4 and 5
Two further cases underwent surgical release of Dupuytren's contracture and similar bony spurs were found in the same position in the little fingers, on the shaft of the middle phalanx.
DISCUSSION
The development of bony spurs in the body is well recognized. The supracondylar spur on the medial side of the humerus may, phylogenetically, have been a traction spur. It was first described by Robert Knox in 1841, 9,10 although he admitted that it had already been illustrated in a paper by Professor F. Tiedemann 11 and labelled as 'excresentia ossis humeri in solita' (translated by Knox as 'an unusual excrescence from the humerus'). (Knox also described the ligament that has subsequently become known as the ligament of Struthers v.i.) Evidence of the role of traction in the development of this spur is strengthened by knowledge that the ligament of Struthers 12 represents the remnant of the tendon of a vestigial muscularis latissimo-condyloideus. 13 The most common is the heel spur associated with the attachment of the plantar fascia on to the calcaneum. This is present in 16% of normal, healthy people, 21% of patients with rheumatoid arthritis, and in 81% of patients with osteoarthrosis that are 65 years or older. 14 Lewin believed that the pull of the fascia caused the periosteum to be lifted from the bone resulting in a subperiosteal haemorrhage and subsequent new bone formation. 15, 16 Hiss proposed that because of the presence of 'strain' at the attachment of the plantar fascia, new connective tissue was laid down, which progressed to fibrocartilage, then to cartilage and finally to bone. 16, 17 In a prospective study of pes planus, Prichasuk and Subhadrabandhu were able to show that excessive weight gain, ageing and gender may be important factors affecting spur formation. 18 Prichasuk and Subhadrabandhu stated that increased stress concentration on the plantar fascia lead to excessive pull and strain at the calcaneal attachment and the origin also of the short flexor, which, in turn, lead to the formation of a calcaneal spur. 18 Furey also found that calcaneal spurs were more common in obese patients and concurred with the traction theory. 19 Other sites of spur formation include the attachments of the larger tendons in the body, including the Achilles' tendon attachment on the calcaneum. 14 Traction spurs have also been described on the talus in tarsal coalition as 'evidence of increased motion' 20 in the spine as an 'indication of instability' 21 and in the attachment of the pes anserinus on the tibia because of 'continuous mechanical stress'. 22 Gore et al., in studying the radiographic manifestations of musculo-skeletal stress at the elbow associated with racket and throwing sports, reported traction spur formation on the medial aspect of the coronoid tubercle in response to 'medial tension'. 23 These spurs need to be differentiated from the process of para-articular calcification or ossification as is seen in the rotator cuff, about the wrist, groin (riders' disease 24 ) and knee (Peligrini-Stieder disease). These arise in the soft tissues in areas of focal necrosis or degeneration 25 and although the areas about the elbow and knee may ossify and fuse with the para-articular bone, they cannot be regarded as traction spurs. Although many spurs are situated at sites of high tensile stress where strong collagenous soft tissues are attached to bone, no scientific evidence has been produced to prove that these spurs are caused by traction. All of the evidence is circumstantial.
In attempting a scientific explanation, Ugai et al. suggested without evidence that the pes anserinus spurs are the result of stress at the enthesis causing inflammation, leading to calcification and then ossification. 22 Andrew reported on spur formation on the middle phalanges of the ring and little fingers in two patients with Dupuytren's contracture and suggested that the fibroblasts were capable of cartilaginous or osseous metaplasia. 26 His argument was strengthened by a report of ossification within Dupuytren's tissue by Enzinger and Wass. 27 Anderson et al. reported on osteophyte formation in three cases of Dupuytren's disease and proposed (but without evidence) that the mechanism related to the contraction forces in the Dupuytren's band stimulating the periosteum in the site of insertion, promoting osteoblastic activity. 28 (Their use of the term 'osteophyte' ('a bony excrescence or osseous outgrowth' 29 ) is not accurate because the bony excrescence is spiked like a spur. A more accurate medical term would have been 'calcar' ('a spur or a spur-like stucture'. 29 ) In a paper on the aetiology of OsgoodSchlatter's disease, Cole reported increased cellularity and vascularity in the attachment of the patellar tendon to the tibia with intratendinous fibrocartilage. 30 Rosenberg et al., in a study using magnetic resonance imaging, found evidence of tendinitis. 31 It was proposed that osseous changes in the patellar tendon were provoked either by extension of osteoblastic activity from the bone or by fibroblastic metaplasia in the tendon tissues. 31 Tendon, ligament and joint capsule attachments to bone are complex and grossly appear to be abrupt, well-defined sharp boundaries between the bone and the attaching soft tissue. This is termed a 'direct' insertion as distinct from an 'indirect' insertion, where the junction of the soft tissue is more gradual and diffuse. 32 The direct insertion is seen, microscopically, to consist of four more-or-less distinct zones within the short distance of less than 1 mm. Zone 1 consists of the collagen fibres of tendon or ligament embedded in an extracellular matrix and meeting the bone usually at right angles. Zone 2 consists of fibrocartilage into which the collagen fibres extend. Zone 3 contains mineralized fibrocartilage and zone 4 is bone. 32 This produces a gradual transition in stiffness from soft tissue to bone, thus reducing stress concentrations and shear at the surface. The attachment of a Dupuytren's band on to bone appears, macroscopically, to be of the direct type, rather than the indirect, but its microscopic appearance has not been comprehensively studied.
In considering that bone architecture and remodelling the external features of a bone such as ridges, crests, grooves and tuberosities reflect the morphogenic primacy of its periosteal matrix, muscle ablation or denervation will result in diminution of such functionally related features. Sir James Paget recognized the effects of chronic pressure on bone and described the remodelling of vertebral bone in response to pressure from an aneurysm. 33 Williams et al., in Gray's Anatomy, stated that the secondary markings on the surfaces of bones brought about by the pull of tendons may be related to the power of the tendon and that the markings may increase with age 'as if the pull of ligaments and muscles exercised a cumulative effect. Hence, markings may be facets, ridges, nodules, rough areas or complex mixtures, affording accurate data of junctions of muscles, tendons, ligaments or articular capsules.' 34 The triangular cross-section of the adult tibia is an example of compensatory osseous response to functional stimuli because at birth and in the first year of life the crosssection is round but it becomes triangular when the muscles function as walking begins. 35, 36 Hall has established that dynamic forces can cause secondary cartilage to be produced in membrane bones normally devoid of such tissue. 37 The stimuli for these changes may be mechanical but the nature of the mediators is debated. Bassett 38, 39 and Eriksson 40 contend that changes in bioelectrical properties are the morphogenic signals received by the cells such that when a bone is deformed mechanically an electrical potential is induced so that the compression side of the bone becomes relatively electronegative and the tension side becomes relatively electropositive. It has been proposed that it is by these means that Wolff's law is invoked. 41, 42 Albright has stated that bone does not react to stress per se, but it reacts instead to the slight changes in strain that occur. 42 These changes in strain generated by external stresses are not uniformly distributed across the bone but vary from spot to spot in conformance with the varying micro-structure. Bone is responsive to both the magnitude and direction of the strain produced by these stresses. But Bullough has pointed out that bones are normally subjected to cyclical compressive and tensile stresses, so the control mechanism must be rather more complex. 43 These electrically mediated responses remain epiphenomenal as they have not been rigorously tested. As an alternative, the proponents of chemical mediation have put forward a hypothesis of mechanico-chemically coupled bone remodelling induced by mechanical stress. 44 Whatever the mediator, there is sufficient evidence to accept that bones respond to mechanical forces in a way predicted by Wolff. 41, 45 It is reasonable, therefore, to accept that in areas of high tensile stress, such as the attachments of fascia and fibrous cords onto bone, that the bone will remodel to reduce stress concentration and to make the stress transfer from one tissue to the other as gradual as possible; just as ligament-bone junctions and tendon-bone junctions respond to tensile stress and become stronger with exercise. 32 The remodelling of the bone so that the fibres of the Dupuytren's band attach to the bone at right angles is merely reproducing the biomechanical arrangement seen in tendon attachments to bone. This remodelling is accomplished by a combination of activity of osteoclasts and osteoblasts on endosteal and periosteal surfaces rather than by a process of osteogenic induction or fibroblastic metaplasia in fascial or Dupuytren's tissue and cannot be regarded as the same process that is seen in heterotopic calcification in other sites in the body. It seems likely that the formation of spurs on bone and the development of heterotopic calcification (and ossification) within soft tissues, including tendons, are different processes, initiated by different stimuli and, perhaps, involving different mediators.
It is evident that mechanical factors can have an effect on the formation and architecture of bone and this adequately explains the formation of spurs on the middle phalanx of the little finger in Dupuytren's disease. This should be regarded as a physiological response in bone to tensile stresses rather than a change intimately coupled with Dupuytren's disease.
